Section 1: Chamber Characterization
The outdoor experiments were conducted using the University of Florida Atmospheric Photochemical Outdoor Reactor (UF-APHOR) dual chambers located on the roof of Black Hall at University of Florida, Gainesville, Florida (latitude/longitude: 29.64185°/-82.347883°). The total volume for the two half-cylinder shaped chamber is 52 m 3 each. The surface to volume ratio 5 is 1.65 m 2 m -3 for each chamber. The chambers are built with 0.13 mm FEP Teflon film. The meteorological parameters (i.e., temperature, relative humidity, sunlight spectrum and sunlight intensity) are monitored simultaneously both inside and outside the chambers using a hygrometer (CR1000 Measurement and Control System, Campbell Scientific) (temperature and humidity), a fibrooptical portable spectrometer (EPP2000, Stellar Net Inc., USA) (sunlight spectrum) and an ultraviolet 10 radiometer (TUVR, Eppley Laboratory Inc.) (sunlight intensity). In addition, the wall loss rate constants of ozone, SO2, H2O2 and HONO were measured via separate experiments. The rate constant of particle loss to the chamber wall was also measured for Arizona Test Dust (ATD) particles as well as the ammonia sulfate inorganic seeded aerosol. The particle loss rate was calculated for every 3 minutes within each particle size bin and then integrated to calculate an 15 average particle loss rate. The typical particle distribution of ATD particles is shown in the Fig.   S1 .
Indoor chamber experiment
The indoor chamber experiments were performed in a 2 m 3 Teflon indoor chamber equipped with UV lamps (Wavelength: 280nm -900 nm) (Solarc Systems Inc., FS40T12/UVB). The RH and 20 the concentration of trace gases and dust particles were controlled to variety specific experimental conditions. During the experiment, the gases were continuously measured directly from the indoor chamber using a gas chromatography-flam ionization detector (HP-5890 GC-FID), a fluorescence TRS analyzer (Teledyne Model 102E), and a chemiluminescence NO/NOx analyzer (Teledyne Model T201). The suspend particles were continuously measured by a scanning mobility particle sizer (SMPS, 25 TSI 3080, USA) and an Optical Particle Counter (OPC, TSI 3330, USA). The mass concentration of inorganic iron was measured using a Particle-Into-Liquid Sampler (Applikon, ADISO 2081) combined with Ion Chromatography (Metrohm, 761 Compact IC) (PILS-IC) for every 30 minutes.
Outdoor chamber experiment
The dual chambers were flushed and cleaned by the air purifier system (GC Series, IQ Air Inc.) 30 for 2 days before each experiment. The background sulfate concentration was measured every time before experiments. Non-reactive CCL4 (400 ppb) was injected into the dual chamber to determine the chamber dilution factor. Due to the chamber dilution, ambient trace gases (i.e., CO, O3, CH4, HCHO and volatile organic compounds) outside the chamber are intruded into the chamber. The estimated concentration of background gases are 1.8 ppb CH4, 18 ppb HCHO, 6 ppb CH3CHO, 0.1 ppb isoprene and 1 ppb HONO. The measurement procedures of gases and inorganic iron concentration were similar 5 to that of indoor chamber experiments. The particle distribution was measured using the SMPS and the OPC. For measuring the total particle mass concentration, the suspended particles were collected on a 13mm diameter Teflon-coated glass fiber filter (Pall Life Science Pallflex, TX40HI20-WW) for 20 minutes. The filter mass difference was measured using a microbalance (MX5, Mettler Toledo, Columbus, OH). The temperature (T, K) and relative humidity (RH, %) in the dual chamber were 10 monitored using a hygrometer (CR1000 Measurement and Control System, Campbell Scientific). For measuring the wavelength-dependent actinic flux, a fibro-optical portable spectrometer (EPP2000, Stellar Net Inc., USA) and an ultraviolet radiometer (TUVR, Eppley Laboratory Inc.) were used. by E-AIM II (Clegg et al., 1998; Wexler and Clegg, 2002; Clegg and Wexler, 2011) and corrected for the ammonia rich condition (Li and Jang, 2012; Li et al., 2015) . The reported uncertainty of Table 2 ). The particle loss to the chamber wall was not considered into the simulation while the dilution process was included.
In Fig Tyndall and Ravishankara, 1989 b The rate constant parameters of SO2 oxidation in gas phase are taken from previous studies as shown in note of each reactions and can be also found in Chen and Jang (2012) . T (K) is the temperature.
c V = NA× V(aq), where Na (6.022×10 23 molecule mol -1 ) is the Avogadro constant and V(aq) (L cm -3 ) is the volume concentration of 5 inorganic salt seeded aqueous phase in the air. The unit of the chemical species in the aqueous phase is mole per cm 3 of air for the model simulation. The rate constant parameters of reactions in aqueous phases are updated from previous studies (Liang et al., 1999) . The detailed citation of each reactions was shown in the notes. The concentration of V(aq), H2O(aq) , H + and OH -are calculated using E-AIM II (Clegg et al., 1998; Wexler and Clegg, 2002; Clegg and Wexler, 2011) . d The partitioning rate constant of gas to the aqueous phase is derived from Henry constant (mol atm -1 ). ρin is the density of the 10 inorganic salt seeded aerosol and is calculated using E-AIM II (Clegg et al., 1998; Wexler and Clegg, 2002; Clegg and Wexler, 2011 and is dynamically calculated using E-AIM II. (Clegg et al., 1998; Wexler and Clegg, 2002; Clegg and Wexler, 2011) . h Rate constant k =k 1 . 5
i Rate constant k =k 1 exp(k 2 ). j The wall loss factors for the model simulation are only valid for the indoor and outdoor chambers used this study. The loss factors of gases and particles may be varied for different chamber systems. The characteristic time of the uptake process of tracers into aqueous phase or dust phase is calculated for gas-phase diffusion, liquid phase diffusion, establishing equilibrium at the interface and the reactions in gas, aqueous, and dust phases (Finlayson-Pitts and Pitts Jr, 1999) . 5
For both the aqueous system and the dust system, the characteristic time of all reactions in gas and particles are much greater than diffusion in gas or particle phases and equilibrium processes (partitioning and dissociation of acids). Thus, the reactions of chemical species are not affected by the time reached to equilibrium or diffusion processes. In the model, both absorption and desorption rates of chemical species were set to much faster than their reaction rates in all 10 three phase (last paragraph in Section 3.1.2). Furthermore, the time of diffusion in liquid phase is longer than both gas diffusion and the time for reaching to equilibrium as shown in Table S2 .
